Background: Few measures capture the complex symptoms and concerns of those receiving palliative care. Aim: To validate the Integrated Palliative care Outcome Scale, a measure underpinned by extensive psychometric development, by evaluating its validity, reliability and responsiveness to change. Design: Concurrent, cross-cultural validation study of the Integrated Palliative care Outcome Scale -both (1) patient self-report and (2) staff proxy-report versions. We tested construct validity (factor analysis, known-group comparisons, and correlational analysis), reliability (internal consistency, agreement, and test-retest reliability), and responsiveness (through longitudinal evaluation of change). Setting/participants: In all, 376 adults receiving palliative care, and 161 clinicians, from a range of settings in the United Kingdom and Germany Results: We confirm a three-factor structure (Physical Symptoms, Emotional Symptoms and Communication/Practical Issues). Integrated Palliative care Outcome Scale shows strong ability to distinguish between clinically relevant groups; total Integrated Palliative care Outcome Scale and Integrated Palliative care Outcome Scale subscale scores were higher -reflecting more problems -in those patients with 'unstable' or 'deteriorating' versus 'stable' Phase of Illness (F = 15.1, p < 0.001). Good convergent and discriminant validity to hypothesised items and subscales of the Edmonton Symptom Assessment System and Functional Assessment of Cancer TherapyGeneral is demonstrated. The Integrated Palliative care Outcome Scale shows good internal consistency (α = 0.77) and acceptable to good test-retest reliability (60% of items k w > 0.60). Longitudinal validity in form of responsiveness to change is good. Conclusion: The Integrated Palliative care Outcome Scale is a valid and reliable outcome measure, both in patient self-report and staff proxy-report versions. It can assess and monitor symptoms and concerns in advanced illness, determine the impact of healthcare interventions, and demonstrate quality of care. This represents a major step forward internationally for palliative care outcome measurement.
Background
Healthcare systems around the world face major challenges because of increasing numbers of older people with multi-morbidities, and growing need for palliative care. 1 The increase in chronic diseases -now accounting for a third of all deaths globally -as well as population ageing, is responsible for these changes. 2, 3 More people need palliative care, 3 with some estimates exceeding 40 million/year worldwide. 1 To meet current challenges, unexplained variations in healthcare quality need to be addressed through improving outcomes. 4 This can only be achieved with measurement of individual patient-centred outcomes. 5 Patient-reported outcome measures (PROMs) are validated questionnaires completed by patients to measure their perceptions of their own health status/wellbeing. 6 Available PROMs tend to be illness-specific, [7] [8] [9] [10] rather than capturing common concerns in advanced illness, regardless of diagnosis. Most PROMs focus on disease control or complications, 11 rather than the concerns of patients.
One of the few outcome measures which does capture the full range of concerns prioritised by those with advanced illness themselves, is the Palliative care Outcome Scale (POS). 12 POS was developed >15 years ago, has been psychometrically well tested, [13] [14] [15] [16] and is widely used. [17] [18] [19] It is a brief, person-centred outcome measure, 20 yet incorporates the main concerns that people with advanced illness themselves prioritise. 21 Although evidence from POS users demonstrated its value in practice and research, there was need for a more refined version (e.g. incorporating more symptoms, refining the spiritual/existential item for diverse populations) to aid utility. 22, 23 Having cognitively tested a refined version of POS, the Integrated Palliative care Outcome Scale (IPOS), 24 we therefore aimed to evaluate the validity, reliability, and responsiveness to change of the patient selfreport and staff proxy-report IPOS. IPOS covers patients' main concerns, common symptoms, patient/family distress, existential well-being, sharing feelings with family or friends, information received, and practical concerns, within a timeframe of 3 days (for inpatient settings) or 7 days (for ambulatory settings).
Methods
We are following established quality criteria 25 to refine and validate IPOS. The first steps, involving cognitive testing, are published; 24 this involved cultural adaption and cognitive interviewing in both English and German, 24 to establish a final IPOS in both languages (available for download at www.pos-pal.org). Here, we report testing of the construct validity, reliability, and responsiveness of this final version of IPOS, in both languages. The design is a multi-centre validation study of two versions of IPOS -(a) patient self-report and (b) staff proxy-report.
Population and settings
Patients receiving palliative care were consecutively recruited from eight UK and five German sites: (a) three UK and one German hospital consultation services, (b) five UK and three German in-patient palliative units, and (c) seven UK and two German community (home-based) palliative services. Staff caring for participating patients were also recruited. Data were gathered between June 2014 and January 2016.
What is already known about the topic?
• • Validated measures of symptoms and quality-of-life already exist for palliative care.
• • Symptom measures do not capture broader concerns of those with advanced illness, such as information needs, family, practical issues, and so on. • • Quality-of-life measures are often weighted towards symptoms and function, and may be less relevant and applicable in far-advanced illness. • • Few existing measures have a validated proxy-report version.
What this paper adds?
• • The Integrated Palliative care Outcome Scale (IPOS) is shown to be clinically meaningful, with good validity, reliability, and responsiveness to change. • • Both patient self-report and staff proxy-report versions of IPOS are evaluated, allowing maximum flexibility for clinical use.
Implications for practice
• • IPOS is a comprehensive and psychometrically robust measure underpinned by what patients report as their main concerns, and brief enough to be used in advanced illness. • • This is a major advance for palliative care outcome measurement internationally.
Inclusion/exclusion criteria: Inclusion criteria for patient participants were: >18 years of age, capacity for written informed consent (as judged by the clinical team), and able to speak/read English or German. Exclusion criteria for patient participants were as follows: impaired capacity, too unwell or distressed to participate (as judged by their clinical teams); or unable to understand English or German. Inclusion criterion for staff participants was delivering care for a patient participant. Staff participants scored the research measures independently of the corresponding patient participant.
Data collection
Demographic/clinical information for patient participants at baseline included age, gender, ethnicity, marital status, if living alone, presence/absence of family caregiver(s), performance status using Australia-modified Karnofsky Performance Status (AKPS), 26 and primary diagnosis.
Data (see Table 1 for data collection measures) were collected at two time-points; 2-5 days apart within inpatient settings, and 7-21 days apart in community settings. For patient participants, IPOS (patient version, 3-day recall period), Edmonton Symptom Assessment System-revised (ESASr) [30] [31] [32] and the Functional Assessment of Cancer Therapy-General (FACT-G) 33 were collected at first time-point, and IPOS (patient-version) and global change question (see Table 1 ) 34, 40 were collected at the second time-point. For staff participants, the staff-version of IPOS, the Support Team Assessment Schedule (STAS), 41 AKPS 26 and Phase of Illness 38 were collected at the first time point, and IPOS (staff-version), AKPS, and Phase of Illness were collected at the second time point.
Analysis
All data were independently double-entered and crosschecked. If not otherwise stated, missing data were excluded pairwise for all analyses.
Descriptive statistics were used to describe the sample, and the range/distribution of scores for individual IPOS items, IPOS subscales (as derived from the factor analysis), and total scores.
Construct validity (a) Structural validity:
We undertook confirmatory factor analysis (CFA) to establish structural validity and subscales. Taking prior factor analyses into account, 15, 16 we contrasted a 2-factor with a 3-factor solution. We used robust maximum likelihood estimation to accommodate the ordinal nature of the data. 42 Fit of each solution was evaluated using chi-square, ratio of chi-square and degrees of freedom, confirmatory fit index, Tucker-Lewis index and root mean square error of approximation (RMSEA). 43 Contrasting models were compared regarding fit indices, standardized parameter estimates, and local strains (low loadings, high standard error). 44 Following patient and staff feedback, a symptom module (POS-S, adapted for specific conditions) was added. Staff versions of POS and POS-S were also developed. 27 Both patient-and staff-reported versions of POS and POS-S have undergone extensive psychometric testing. Both measures show good validity and internal consistency 12, 20 as well as test-retest reliability 12 in diverse settings. [13] [14] [15] [16] [17] [18] [19] [20] Factor analysis suggests two subscales, psychological well-being and quality of care. 15 It has been translated, culturally adapted and validated for use in fourteen languages 16, 17, 28, 29 and is widely used internationally. 18, 19, 23 Phase 1 of this IPOS validation study included cognitive interviewing to assess acceptability and content/face validity, and identify cognitive processing issues; this has been reported previously. 24 The Edmonton Symptom Assessment System revised (ESASr)
In this study, reported by patient participants, at T1 ESAS consists of nine visual analogue scales, scored from 0-10, including pain, shortness of breath, nausea, depression, activity, anxiety, well-being, drowsiness and appetite. Initially, ESAS was developed to measure the most common symptoms in cancer patients. Higher scores indicate worse symptoms. The revised ESAS has been widely validated for use in assessing the symptoms of patients with advanced progressive illness. [30] [31] [32] The Function Assessment of Cancer Therapy -General (FACT-G)
In this study, reported by patient participants, at T1 FACT-G comprises 27 items, divided into four primary quality of life domains: Physical well-being (7 items), Social/family wellbeing (7 items), Emotional well-being (6 items), and Functional well-being (7 items). Each item is measured on a 5-point Likerttype scale. Higher scores indicate better functioning.
Initially developed as a quality-of-life measure for evaluating patients receiving cancer treatment, it has been widely validated across long-term conditions. 33 
Global change question
In this study, reported by patient participants, at T2 Single-item asking patient participants to report overall change in their symptoms and concerns; 'Over the last three days would you say that things have got better/worse /there has been no change'. A single global 'change' question recommended for assessing responsiveness of patient-reported outcome measures. 34 The Support Team Assessment Schedule (STAS)
In this study, reported by staff participants, at T1 STAS represents the first available staff-rated palliative care clinical assessment, comprising 9 core and up to 20 optional items covering physical, psychosocial, spiritual, communication, planning, family concerns and service aspects. We used the supplementary definitions and ratings for individual symptoms as described in Clinical Audit in Palliative Care. 35 It is a validated tool designed to allow clinical staff to assess the clinical and intermediate outcomes of palliative care. 36, 37 Phase of Illness.
In this study, reported by staff participants, at T1 and T2 Single item staff-reported measure to provide the context of the current phase of illness with four categories; stable, unstable, deteriorating, and terminal. This single item measure is recorded by staff.
Phase of illness categorises seriously ill patients according to the acuteness and urgency of palliative needs, and has been used as a predictor of resource use for Australian sub-acute and non-acute healthcare. 38 It shows good inter-rater reliability and clinical utility in populations with advanced progressive illness. 38, 39 Australia-modified Karnofsky
Performance Status
In this study, reported by staff participants, at T1 and T2 A single score between 0% and 100% (in 10% steps) based on a patient's ability to perform common tasks relating to activity, work and self-care. A score of 100% signifies normal physical abilities with no evidence of disease. Decreasing numbers indicate reduced performance status. The Australia-modified Karnofsky Performance Status (AKPS) is based on the Karnofsky Performance Status, but is adapted for advanced illness. 26 staff or two independent staff ratings. For interpretation, the Landis and Koch 48 and Fleiss' 49 criteria of k > 0.4 for fair to good and k > 0.75 for substantial to excellent agreement were used.
Responsiveness to change. We assessed responsiveness using a distribution-based approach. 50 We compared mean changes and respective standard deviations of change descriptively in the six categories of change given by the global change rating (ranging from much better to much worse with a 'don't know'-category). All analyses were conducted using SPSS version 24.0. 51 The R lavaan package (version), 52 was used for CFA. A p-value < 0.05 was considered statistically significant for all analyses.
Sample size. Sample size considerations were based on guidelines for sample sizes for factor analysis 53 and a Monte Carlo study, determining the sample size to detect factor loadings of at least 0.40 (based on former factor analytic evidence from the POS), 15 ,16 a power of 80% and an alpha level of 0.05. Simulations were run using the R simsem package, 54 using 10,000 replications and assuming missing data to be handled within a full information maximum likelihood approach. A sample size of 320 was deemed sufficient for modelling.
Results

Subject characteristics
In all, 392 patient participants were recruited. Screened, eligible, approached and consented participants, and first (n = 376) and second (n = 275) timepoint completion, with reasons for non-completion, are shown in Appendix Figure 1 . Demographic and clinical characteristics are reported in Table 2 . Table 3 shows prevalence for IPOS items, distribution of IPOS scores, and % of missing data, at first timepoint. The full range of response options was used; only the items 'Vomiting', 'Having enough information' and 'Practical matters' showed positive skew above ±1.0. There was little missing data; the highest percentage of missing data was for 'Poor appetite' (3.5%), 'Family anxiety' (2.4%), 'Vomiting' (2.1%), 'Practical matters' (2.1%), 'Having enough information' (1.9%), and 'Feeling at peace' (1.9%).
Descriptive statistics and distribution
Structural validity, identification of subscales, and internal consistency
An initial CFA was conducted to test for uni-dimensionality, a model using all 17 scorable IPOS items loading onto one latent variable. As expected for IPOS (a multi-dimensional measure), the goodness-of-fit indices of this initial CFA suggest no adequate fit, with fit indices comparative fit index (CFI) (0.55) and RMSEA (0.11) well below and above the recommended cut-offs (see Appendix Table 1 ). The threefactor solution showed a better fit than the two-factor solution (see standardised factor loadings in Appendix 
Construct validity
One-way analysis of variance supported our prior hypothesis that total IPOS scores and IPOS subscale scores were higher in those patients with unstable or deteriorating Phase of Illness compared to stable Phase of Illness (F = 15.1, p < 0.001 for total IPOS and F = 17.8 and 5.7, p < 0.003 for IPOS Physical and IPOS Emotional symptoms, respectively) (see Appendix Figure 2 ).
The total IPOS (t = 2.8, p = 0.006), IPOS Physical Symptoms subscale (t = 3.8, p < 0.001), and individual IPOS items 'Shortness of breath', 'Weakness or lack of energy', 'Drowsiness', 'Poor mobility', 'Family anxiety', 'Depression' and 'Information' were all able to distinguish between those patients with higher versus lower functional status on Australia-modified Karnofsky Performance Status (60%-100% vs 0%-50%) (see Appendix Table 5 ). Because of skewed data, these comparisons were also run using equivalent non-parametric tests, with highly similar results.
Convergent and discriminant validity assessment also comprised testing a series of hypotheses for how IPOS subscales and single items correlate with single items, subscales and total scores of ESAS and FACT-G. Correlations were confirmed, being in the hypothesised range of magnitude and direction (see Appendix Tables 3 and 4) .
Reliability
In all, 66 patients self-classified as stable between the two timepoints. This was confirmed using the staff-reported 'Phase of Illness'. For these 66 stable patients, test-retest reliability weighted kappa values showed good to very good agreement (range 0.50-0.8), except for the items 'Sharing feelings with family or friends' (κ = 0.20), 'Having enough information' (κ = 0.39), 'Feeling at peace' (κ = 0.43), and 'Drowsiness' (κ = 0.43). The proportion agreement within one score between assessments was generally good to excellent with these four items being the only ones with proportions below 80% (see Table 5 ). Note that Cohen's weighted kappa was calculated using all answer options, and for each item of the IPOS, plus all subscale and total scores of the IPOS.
For the assessment of inter-rater agreement between two independent staff, a maximum of 95 matched pairs per IPOS item was available. Agreement as measured by weighted Kappa scores was good (⩾ κ = 0.4) for 11 of 17 IPOS items with the highest levels of agreement being achieved for the items 'Pain' (κ = 0.72), 'Shortness of breath' (κ = 0.82) and 'Nausea' (κ = 0.63). Lower levels of agreement were observed for items 'Weakness or lack of energy', 'Drowsiness', 'Family anxiety', 'Sharing feelings with family or friends', 'Has the patient had enough information as s/he wanted?' and 'Have any practical matters resulting from his or her illness been addressed?'. Analysis of the standard error of measurement for these items with low levels of agreement showed that errors for these items were close to 1 point on the IPOS.
The comparison of staff and patient ratings yielded similar results with acceptable to good agreement (⩾ κ = 0.3) achieved on 11 of 17 IPOS items with highest levels of agreement for 'Pain', 'Shortness of breath', 'Vomiting', and 'Constipation'. Again, items 'Having had enough information' (κ = 0.02), 'Have practical matters been addressed?' (κ = 0.10), and 'Sharing feelings with family or friends' (κ = 0.13) showed low levels of agreement, together with the items 'Drowsiness' (κ = 0.11), 'Feeling at peace' (κ = 0.26) and 'Sore or dry mouth (κ = 0.25) (see Table 3 ). However, the proportion of scores that were within one score of a perfect match was still high (above 70%) for these items, except for 'Drowsiness' (60.6%) and 'Sore or dry mouth' (65.1%). The proportion with agreement between patient and staff ratings was higher at the second assessment (see Appendix, Table 7 ). Table 6 presents the mean changes in the IPOS total score in relation to patients' global report of change. SD at baseline for the total IPOS score was 9.2. Mean change scores for the total score were as large as 4.3 in the 'much improved' group and even larger (−9.6) for the group that described themselves as 'much worse'. However, associated standard deviations of change were comparably large, pointing towards potential misclassification according to the global change criterion. Overall, a change of about 5 points in the total IPOS score represents a moderate effect size.
Responsiveness
Discussion
IPOS is a valid and reliable outcome measure for use with people with advanced illness. It has good structural validity, with three underlying factors -physical symptoms, emotional symptoms, and communication/practical issues. Unusually, this validation study included a high proportion of people with poor functional status, strengthening conclusions for the advanced illness population.
IPOS discriminates clearly between different palliative Phases of Illness. 38, 39 The physical symptom subscale also discriminates between those with poor or high functional status. Almost all individual IPOS items show good agreement when re-tested in stable patients. There is acceptable or good agreement between most patient self-reported and staff proxy-reported items. Most importantly, the total IPOS score showed a change in keeping with patientreport of the overall change in their symptoms and other concerns, both in direction and size of change.
The changing age distribution of the population and increasing prevalence of multi-morbidities (with more complex health needs) 55 require outcome measures to work across conditions and in advanced illness. 56 Only measures that reflect patient priorities can support a truly patient-centred approach to care. 57 Until now, outcome measures extending beyond symptoms or quality-of-life for this population have been lacking. Health-related qualityof-life measures, often heavily based on physical function, show low sensitivity with large floor/ceiling effects among those with advanced, multi-morbid disease and do not capture the main priorities of those affected. [58] [59] [60] [61] [62] [63] [64] The IPOS has features which set it apart from other outcome measures commonly used in the context of advanced disease. Including how symptoms or other concerns have affected the individual themselves is a distinct characteristic not commonly sought in quality-of-life or symptom Table 5 . Reliability assessment: weighted kappa (κw) and proportion agreement within one score for test-retest reliability, interrater agreement between two independent staff ratings and inter-rater agreement between patient and staff ratings at timepoint 1.
IPOS Item
Test [58] [59] [60] [61] [62] [63] [64] While existing tools are well-validated, 41, [67] [68] [69] [70] [71] proxyreported versions are much less well established. 72, 73 IPOS may also capture the impact of symptoms and concerns differently. In terms of overall validity, the performance of the new, refined IPOS is comparable to both the original POS and similar measures in the field. In the original POS validation, 12 mid-range correlations to the EORTC QLQ-C30 physical, non-physical and quality-of-life subscales were reported. Mid-range correlations were also apparent in comparison of POS with the Rotterdam Symptom Checklist, 74 the Italian POS with the FACIT-SP and EORTC QLQ-C15-Pal, 55 the POS-S with the Rotterdam checklist, the MDASI and EORTC measures, 12, 55, 74 and in this validation study when comparing IPOS to FACT-G and ESAS. This result -of mid-range rather than high correlations -is likely because existing scales largely focus on the severity of symptoms, whereas POS and IPOS focus on how a person is affected. In line with this, comparison of the POS pain item with the Brief Pain Inventory's pain impairment item yielded a higher correlation than to the Pain Severity item. 74 The mid-range correlations (⩽0.50) between aspects of psychological well-being across questionnaires further demonstrate the different dimensions included in IPOS, covering wider issues of spiritual and family well-being. The consistently low correlations of the communication/practical items with other outcome measures across studies point towards the uniqueness of this aspect. 12, 55, 74, 75 The second distinct feature of this validation of IPOS is the broader testing of reliability. In terms of test-retest reliability, we found mostly good to very good agreement (weighted kappa values 0.50-0.80). These values are higher than in similar studies of test-retest reliability of either POS 12, 55, 74, 75 or ESAS, 31, 70, 76 perhaps explained by using an external criterion to judge stability, rather than assuming stability over 24-48 h, an assumption that might not be justified in a fast-changing palliative population. 58 However, some items of IPOS ('Sharing feelings with family or friends', 'Having enough information', 'Feeling at peace', and 'Drowsiness') showed less agreement. These items also showed low agreement in the comparison of patient and staff ratings. This is consistent with prior studies of the biases affecting proxy assessments, 77 which suggest systematic overestimation of physical symptoms and underestimation of psychological well-being and information needs. [78] [79] [80] [81] The low agreement for the information item had also been observed in studies of POS; Higginson and Gao 82 reported a weighted kappa value as low as 0.04 for this item, and results by Dawber et al. 78 and Van SoestPoortvliet et al. 83 are similar. A study of the Palliative care Problem Severity Index 38 identified features of the raters (e.g. new staff member with new patient), patient characteristics (e.g. communication problems, drowsiness), or family characteristics (e.g. lacking interaction with family), as impeding agreement. This result has also been observed in a study looking at proxy ratings of the McGill Quality of Life questionnaire. 79 These features may also have been present in the IPOS validation study. Fluctuating symptoms, in particular drowsiness, may also contribute to this as demonstrated for the comparable ESAS item. 84, 85 This validation was cross-cultural, conducted in two countries simultaneously, and we believe this strengthened both cognitive development of the measure 24 and this full-scale validation. Despite some skewness in distributions of individual items, both parametric and nonparametric statistics showed highly similar and robust results, both in terms of correlations and test of differences. However, there were limitations in the population studied; only 15% of patient participants had non-cancer conditions. IPOS needs to be further tested in non-cancer conditions, and refinements for different diseases may be required. Indeed, development of a version for use in cognitive impairment and dementia is already well under way. 86 The use of consecutive enrolment ensured IPOS was validated in a broadly clinically representative group. However, selection bias cannot be ruled out. This validation also mirrored conditions for IPOS use in clinical practice -the 'least controlled' use -for instance with absence of specific staff training prior to implementation. 87 Despite incorporation of a global criterion for change, it was not possible to derive values for a minimal clinically important change for improvement or deterioration for the total IPOS, its subscales, and individual items. Such a feature is desirable, as optimal cut-offs for individual symptoms in particular can trigger specific clinical actions, such as referral to a palliative care team, help triage patients within services 88 and therefore extend the clinical and research utility of an outcome measure. 72, 89, 90 
Clinical and research implications
This study has demonstrated IPOS is valid and reliable. Because it is brief and underpinned by the symptoms and concerns of people with advanced illness, it will be invaluable for clinical practice and research. To implement such a measure into routine clinical practice needs training. A recent survey of the use of ESAS showed a range of training needs and other barriers. 85 We are already working on best ways to implement, using the national Outcomes Assessment and Complexity Collaborative in the United Kingdom. This is based on the well-established Australian Palliative Care Outcomes Collaborative. 91
Conclusion
The IPOS is a valid and reliable outcome measure for use with people with advanced illness, both in its patient selfreport and staff proxy-report versions. It is suitable for assessing and monitoring symptoms and concerns in advanced illness, monitoring change over time, determining the impact of healthcare interventions, and demonstrating quality of care. This will be invaluable for clinical care, audit and research, and represents a major step forward internationally for outcome measurement in advanced illness.
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Title of measure
The Palliative care Outcome Scale can also be called The Patient Outcome Scale, when this is more appropriate to the context for use.
